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MIGATION OF LammY

[Following is a trielattion of an article by V. N.i
Tarusov in the book 0snv Biofizikii i BMofizicheskov

, Xhimii (Fundawentals of Bioph-yicsd Biophysical Chem-
istr•), Part I, %aoscow, 2960, pp 26-39]

In a study of the luminescence of crystals, it was found that
deexcitation may occur, not at the place and in the atom where the
photon struck, but at some distance. This phenomenon is observed
when there are impurities, even very negligible, in the crystal. For
example, luminescence occurs under the influence of radioactive emis-

Isions on crystals of zinc sulfide containing copper as an impurity in
amounts of 0.01%. A spectral investigation shows that the copper at-.
oms luminesce exclusively. The amount of energy obtained by the crys-
tal is almost completely deexcited, by the copper atoms, although the
overwhelming amount of the energy is absorbed by the zinc and sulfur
atoms. These experiments show that the zinc and sulfur atoms are ca-
pable of absorbing radiant energy and transferring it almost without
loss to the copper atoms, sparsely distributed in the crystal lattice.
Such a phenomenon has also been detected in other crystals and even
in noncrystalline systems.

A characteristic feature of this phenomenon proves to be the
fact that the migration of the electron occurs at great distances,
from the molecular point of view. When an electron is moved from the
atom that absorbed the qugntum to the emitting atom, it must cover a
space extending up to 50 A and avoid most of the atoms. It is charac-
teristic that the electron possesses an affinity precisely for the
fluorescing atoms, and does not expend its energy while completing
this complex journey.

The mechanism of this phenomenon is explained by the structural
peculiarities of the crystals. In the crystal' lattice there are elec.Irons that are components not of each r,-Iven atom, but are general com-
ponents of the entire crystal. In crystals possessing electron con-
duction, according to the quantum conditions, bmnds vith various ener-
gy levels are formed, which are filled with electrons. Part of the
level may remain unfilled in thio case. When a quantum of energy is
absorbed in the basic lattice of the crystal, an electron from an oc-
cupied band passes into an unoccupied band, migrates along it, and,
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;vi.np, off its eosfr&f, g~oes. dourn~ to i~ww1 ~*The ermpt; place~
reP~a* rria ir' the 'nO j3 is ~1 .6by one c. the elec.troins ±'rc-vr anl-
O ther bar., c (Fl;. 9~.
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Fig. 3. Scheme of1 dig'eatien ofi eleetroris in cryoVt.'.s
(Riehl).
A -- cond-action band; B -- htgher se,.'stituttea ba.nd; C

Thle theory has been advanced that. t0he rij4r&Lt.onl*f enry Ia
also occur withouxt direct m~grstion of C.eitt'OM3. 1Penkel V ""J36 hu

Iindicate-d that '4f any atom -"n the mo'1ec-,.Oa is fonnd in a at.,:-to 01" ex.i
citation, this. 'excitation can be indtuct ively tranof errd to aither at-
ome and can move until it reaches an stQ in which a reac-ticci &risesIuand~er th'ý- influence of t1.he excitatio~n. Spectral inve atlgations tiAve

estableled hatifhydrocarbon chains .ccntain double bonds, sepIrk
rated from one another by several ord~innry bonds (Pic. 4~), te'en vh'in
energy Is absorbed the absorption banchi do not chacgv their~~~s~ 1.
IIn ch1ains containing so-called conjuý;,At&d boflz 1,e0* double bondis
seprwated from on o another by only okie ord-Lnary bon d,~ a lenfikzenin gý
Of the wave occurs. I~bis shovre that in such a systern the double bon~d
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jexists in an energetic interacticn with the other dou~le bonds, and
that the energy absorbed by one bond is also dietributed to tUr other
bonds. It is proposed that such a nature of the bond. car. nxist only
in living protein, and that there are none of them in dd prrotein.

B I-!-H H

Sll" I I"
HHH H H H1 H H H

A

Fig. 4. Conjugated bonds*. A- system vith conjugae~td

bonds; B - system with unconjugated bonIs.

on the basis of these observationse, & hm'thesiph hc s n en a I..
vanced (Schmidt) 1947) thatdua conjugated boneo ariset alor the PtP-
tide chain of a protein molecule as a retosurt of e the pauto der-c ,ns-
tion

N C
/i""" •C C N

H ,. H

However, there were no experimental evidences In favor of this 1theory.
Consider'able difficulties were also encountered by the theory

of the pursibifi•ty of migration of electrons across the pept~de bond$a
o~f protein (Evans,0 Gergely, 1949). The lw~szibiliiy of delocalization
of rr-electrone was postulated on the basis Of X-ray structural analy-
gig; an quantum mechaizical calculations. 'In "riev of this, it Is con-
sidered as proven that the ,-ýelectrona of' niti-ogen and CO can be dis.-
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ThOr of tha u A~ uxg ftt ct C W b picph -a w -.4A !-
* z~b.~of vh~thor ýa~tjrjrair of~ mark,7 'tiar,,r di-n lologiaal yp.zoe
*Usvs =A wl the &14 o~f ~i~iatj m.*b±'i it ika~o -td:
* eauhu of t1ht transfe of oleatrot.,, Aa~ rout &M.'&~ phxzom.
on ea r vibrbiatkian W-t~oseo@e" Wo high -efco!n of cor~at prcac

*that tabs, Apc lin livirg aysttev izteht b~t eipatid 14F~1i~ of

Wte decom-oltion of adtzoeiu~ t~lkzaArlo ac-l (AlrI)o as is~
v*ll km2nO gives tM 0rArt for tt j rainf1Y thA&vau 4 ,
I seut-Over-A* (19596) a&dYMOC the hyp*thes9.* tb-at tolate~f itV~h pI oowositift of AVfl ouaws ara. not tomai 'in favxh~y,"La f~ix'er A+t hb.
An* time-we kwv~ thtt an. tbe'flbvild 0" shrend sm ~kat

a Very 8hort t~lu; h.ene WO caiat "s-um* that * th* elaergy 1. rfm4
forred. by d.~fflhsion map s. 1M Iyp~tboals amv* tbat A tbitA, 04g
the t izi~fr of enev& Ocawrs o, an A6140=t of tba~ 1UM-It of *l&t'rori
*oxcitation ef tho aletro~~no -1R last to l phenov12a of flu aoencr it,

Utroslyr Interestin~g d&M have also beszn obtai-oc (lievr,
&*1pmorsn, 1946) in a sti4~t of the onmiet'let of tb* ayubzas
wViioh perf orm the oxi~atior of kyderogin. and as -a+reeult IA %ý a 'ia

MI*A In the Oe&a*±I'e. vrocessas that. taa J ~ W4 i thl .e0 2
atolutoms~ conb~ln lvc in~ the dl-. iml tr'±vaz~nt -form. 'ikil

f OM'iscnaatl e%-wwU t k ote.fxsuaytm

3e~1± 4 e

**.,ftarox#rops~ns a arg ;Ytalnwlauls- ontbaporr~hir i
vleh- 2irn-onanig cipissiuav, , e'O



As a Seaecci e jy e~gt~~i~teitV!nUt4&atj.011 041 n-yoe1u-bnCnict-d by 1,kkoher azAv Kauper'on. Mjc9g1Thi1 18 b-)d-ri to four I

ihe rmyog:'Lob-tn izlcue conalts of an Inert pxoteln. zucl.eun ard % e
min grup hiuh Is bonded to the CO. The absorption speec'ra of the
protein nucleus and. kienin group are different .. The proteini nuclius
has an aboorptiton !raxImum in tle IN ' -eg~on, due to tyrnsin'ie azd tjryp-
tophan; the henin group has a r.:axc.1.ni in~ the region oft by)-0 1

ED'cki'e -cmd Naspearon d~e~.4the P-=ir± o-% Co apXiw ct b
irradiat.ugnV m~g1obn with va.Lous -. ýrta 0, tho apectram Inr1 W .- re-
gion of 22a-5!.X5O0 A at oq~ awontza' eno,'ray Thwy established that~Ithie awouxit o~f X0 arlit out bo-.h in 1~~inby ligbt Vith a wave
length of 2800 R and in irradiais~ton by light. with a wave lereth of I
5000 1 vas tbe saw, in rPite of' the 10.t hat In tbe. first case the
(LosorptiorA of ene-!-y occurved in the protein portion. of t'h. W0glbin
molecul~e whi~ls In the socoad case i- oc&curred in the hemin groUP.IThis phenocnono C.An be expl~ained by fa tct thel. Gpli ~tn 1ou01t 1 anIelectron oco.urs ira the protein zm3.eaule uxnder. Irradiation by ultravt..
olet; the electron migrates along thp' protein to the he,_im group,;where redr,'!-Vln of iron takes place. 7hai c:,7ar-%tiv~lY lmf q~nblm
yield of this reantion, less then 28ý,P aavt. a bas~is for ob~jectiows
(12crenin, Krasnovskiy, 1949)- that In this casa the transfer of energYj
couild have occtirred thermally, &and that. kietineg could bpnva Id,
thermal cls~ociati'on of th? CO of qk~logbin.

Staki.ng into consideration *.he fact tV.at, ac.orc'in4n'; to3
thie czalculations, -'4be heating in -thin~ c'ae is very 110~. 1W.Te
taan %,the expVeriments of Bicher a~d Iftspergon can. still I'e coxisid-

erd onvincing.
xrvw the question of the possiibility of Migration Of energy in

protaen is Iteing vigorously debated. The experiments of R-iuil~ator r
(1-9',) who used. the natxiral chromoprotein ;IArzent, PhYr-eYan*'n, In
vhieh eight to 16 mlocules of the clhwomophtre are bonded '..o a, mle-
c~je of -globulin, as evidenc'e for this theory, have ojbtainetd Vidts-
spread recognition. The authorV obtai.ns~.- a rather htsh quntulm Yir-ld

alrmet half thet energy,. where the. pojsibi1-!.ty of thermal tre~naler
of energy was exeluded. A determination of t',!P &'SOIPtiOn reX5.D'X4I Of'
thet pi.gxnt phyc~oc~raain itself Ehowed tnUM th mjimwnX$s

regin o 3~.L4O0 r~d615~, hil'e that cf tbe prcteln (tiLc d,-te~mI-
nation waps prfcorn~d i n hydh-olWsates), Ie at '75,Y~

E~pe?~A~~ hae ~h~n ~at te ~'.~tv yi~e2A was thiz-~i
in.!epjnid'jnt of thm spectral regoi1 o.' . ou.ece of extcitsi.t1n, Al

thog~iflnnitcr ~e(*,ri~r-ints evoked ?%ryv ftJectl.0116, In Particnla
1-a coar~ectior- with the fact that the devtirmi~n&:Aor of the % .)rption

rx~murnm of? the -protein vns pee-form~ed W.t wvil'h 'ýhe natio pj'otain,
but vith a~ hýAr-Aytat*, theae mpnri*,wti. give a besis f'or Asszvizng
that the uiigpat-ion of ena.rgy T..ve'led &eorg ;rotelt bria,.a Tri Myn
caaftl the abserption, se~strum Of -the prot~ein detarnaned by Dannister
coUld not di?1'ir greatly from, te t~rw% wectr=;m, ines the rsp0ert!*(l



ýfnt of!~i2 i'Prtcia wl JcIg !-0L A&% ~~

41wep &!g-Mrt4 : i'1,3t. e ~ tr ;t~~j~twt ~

ev ýt ePb:~ r.~b,&i ot *mL'O7 m at: ;~cow

w-I sta't.ý , p-ad, 'hatof !-qm--o W.1I~k* olW~ne. it
ý.Uw ar, ylC0 l~tjj tý, eF Irr-littrl.wttb vih 4

I, IA-a C :.. 4

u7 LŽ3 JCA? S50 "7w 0~e xj) I e

Fig.~~r~e of axic..cO'lv C~f fbxrdecur,- 0..
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A~oalo-un dtt have bisen ol~aidcnt~.apaM*cýcmeat
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Attempjtsi et bro~ader genurstiiza-tions hav,e als3) baer mse to ex-
plain the pheropenor, of migretICn o~f encray ia a numbhero cti. ~oic*a!
proceissez. This, the hZhothesiE ha~s teen advpjced that u&jjr t!nA3 ac-Itior. of er~zyea %tranmferO1 c zerxry &t a~ d'1stin.ncF. wi.tt'ot emydis
parsior of It a2.Ways occutrs. Accordinig to thia thiee~ry, tht tz'e.rioferIof energy in dehydirogenatze an~d reýAoxrase in acmlse aieCr.U.In to
the following schemet for Lyoaciple, A -- hydirogen donor, B -- b1ydro-

gnacceptor. 111-ý first st-p of the traznfer is the splitting of the
compo nd AH Irto ion3: AN~ a A + H. In erder for B to kunter into a
compound with N, B shoculd obtaj~r st nf6t'Satve an&..ge. Tnhis chare -~a

Inmisratlng elect-on -- paren from A to B.

A'+ B ~A fB'.

After tbis B acdds U:

B'+Hfl BHj*

SFor e:,'aw.p).e, in a protein (F'ig. 6) molecjlen A and B ar.:,! ute at

aconsidherabe i~strvcdiromt ornser aofther a h distaen of; tenb r n'io

is accompliseod by transfer of an electron.

Fig. 6. Scheme of m~igration Of wi elkocton. under th&
action of de!:ydrognacae.

At prisent tor*e are a num~ber of Xrinte of viev on the ~ai
ble rmchaniimn of the migration of e~nergy i n rroteirns. An hua Already!
been indiar~ted. above, the el.ectro~nic typ'v^ of emergy misra~ticn 4.6 Pon-
sible in crystal structures vbere r'ree ce'ridvctIon b~and~s exitt Th~eLpresence of free condxiction bands Ifs usu!Uly doteate'- by an Jncreax*i n the elect romo~idctivi ty under the iapp..opria-te influenice (irradir-~

L".M-OWNW.-
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iticn) in viev of zijit e1-'W7nvrntr, iP, 4hih it wsa -xss-.'ble to de-
I .!r~ ii 2.t ~'.c~i; wle~n prcotiin vs~ ir'rec.i

a±ted., b ve teer,-n to &cem~n.'- ra~je rb 'sdil~t~ fugre.t1c;i

(19.56', cIetý-ct*:d .n rnc-'wue !rn the l ecicty 01, go! 8atin to
wbrd eta p:! nert sysýte' :x- b-'1n' ad..'.ed. Hlowver ". he 41id not c'e-nemri-
ar-zve thst suft emn ý,-fecL~ !r~h4 te due ariy, to the. pirrt.t

A aeg"Li~ibl icrer f n t:h e1c "jic~i t &. a~lso
fnaii r Jflcokcv~d gelnt (n eh:!.., V9) -.!ch~ r -iLt 14.?ei\~ly L-e dvue:
jC-: u~rit~es. We eo%" onsiderx' n ahL ;9ai thb fact that Selat1zaj

tr~~uga aprotei~n, di-Ife~' f;4ealc:y fr> up2Cvv( pr,-teS.nai i.a~u

M~eny raearcbhervi (Terjrin. Xranovisky, 1.949% ocs'Ae V-:e
a1ec-cronc ;:): ansigy rt~i,7alon ini ;potaina pa A~'ir iprob-
ab!.-. duf to t;Ye absene of any rcryvt&1 structure Uý them.

Tri -%d~dJ.ioL, to the posibility ot, migration of enrirg* r~~
o-ý electrons, thei~ hnothe%,-s has been cAvacined thatsch a. migk&tinr

miy e cc~d'he onaccount oit mution (of protxnis.
on beOnhe basis of his investigatiors of enersy talp .Ion r ite,

IRi~ehl advwje-tr tile hypot-ha3ia thtteG~ Y&0'Mlgrati'An ofL e-n-
er,&y cam, a .Lro r-.cA:,z' !.n PTrteins. In th'is case the pvnton Coducto-.:
may soe ~vae& vaite~r or. the surrace o~t the pro- eir.zlmun -eh~i~~~~' poi rI ki~l $case the pro_-,ex-'tiea of' i-a. Dhe ~'~~of the
fa~ctor cen~tirg An ordered strtiotu-'e, acoorltng to this 'ay,:,tbk!s ia,

is p.ed by the pol popt~de ch~air.n- of the prctefts, -ýO V"Aah h

'za~ter ia corn ýtvad by raeauir of hydrogart hondis. Acering tbc WhS
shemne, +'h-ý formation~ of art. ion ntir 091 and HO Occu.xg cz &ry eezu-

ticon, the protc~n in the oxoni'am lon pa-,saox to the neighboring A-

H+ H3  V

Certain researchers (Vlaairnirov, IXonev: 10?571, !~.te
muft prob)&31e mecbenai~m ci' the rnisratior.- of' * - ! *L

tems i s a resoflafl(6 nmchanitimt which Vau pror '-uý O
F e.rran to axpW in the migration of' energ~y b*1tweau~;~,i~c x
this case A crystal structur* is not raquirodj; it is nacesnesary C~Xy'



ithat thie onergy donor pGB@ses fluorescence, t -ne spectrum of untich over.,
IaP~S w~th th,. e.3P~rp~icorj sp~etrun; of tr.e acce-gror, anid tL, th don r
;eý rX c turn 200) A rsvik- Arom t-4e acce~Vo"'.

Thiese cinditiones, inr the opinicn of thý autho:ý& i.d_.'catq~d
above , are satisfied in prctcnin~, For exsxnp15, &=knn -Ac~t &iborbed
On ~aipor rosneas fluor'sear."De, ani th*e spectra of aiino rLcids n~rAd pro-

te~~.1 ovp en maes~,, as to sho4na by many. Investigatiors Na&rer,
1953 J ln~ir 1954j, Scho--e, rt':dea, 1956).5;Bnlse,_ The opi-nicno eXiatu'
(Schmriat, 194.7) that the hydrog,". beadls t~he, crtatc the do~.bl,ý boad
In aride abains Pro tUP resonating asistez, e'ý the pr2otein cr2.e~nle.

There Lre a numler of experi~rmnte! fzuet3 In favc:, or the con-
Scept of a resonance mechaziitim of the rwd&atlor of enerej In ;rotaifl.
Investigations of the migration of enerVy on pnaycoerythrin (Konev,

1 957) h.ave shown that heating ot the sysvem, to MO leading to den&-
turetion of the protein, does not disrupt the m~cheanism of the energ~y
transfer.* In the case oý elect~ron traenser, denaturation should have
ditrupted the migratior~ process, atflee in this case the structure ef
the protein, which is & necezeary condition for electronic m~igration

~(the existence of a conduction zone), Is disrupted. Hiowever, in na-
tive pm-oteine both types of energy migr'ation are apparenxtly poss~ible.
It has been found, for example (Kanev, 1%9r.?;, Vladir-iror, Korev, 19507),:
the. therc are '4WO flUorescence iMa~i~a in nativis proteins under txci-

tainby visible light -- in the r'egi.on of 2:30 2 wAn In the rt~giofl of!
2l40 . The first maximum did. not disappear after denaiatratiofl. -Ihe
*secona mraxi.num, which was observed only ~inati~ve proteins., disep-
pears ur4Er t~he in~lukance of beat und other denaturing, &Keats (ure%,
rn,). On the baois of this the autbors mnake the quite correl't ass~ip-
1tion that tt tranifer of energy in the se=on niaxirn.r in r-latted to
i %'h- struc~,ural organiznti.on of the protein and assume that A'n this
Isystem the transfer of energy tUM3 place through the electron.s ac-
co~oding tn the zone conducti~on type. Work~ vith parainagert;tŽ';,e -aonance
also suppnrtA the theory thst such conductior bands can exiet Ir. p)ro-Itein. Wi1th the aid. of this metho-A, Blyutrnelld and Kal'Lason

(15)detected maxima, balonpirig tol. free delec&%~ze.i electrons in am-.
...ro acids. Analosous maxima have 'mean fnunrt by this cano nathr:d In

natve rotins(Conmmner, 11pise, 1.957).
The hylothesie of the porisibill.ty of einct-ronic migratiton of

energy during the conduction of a nerve (Aieh].) is btsed on
j purely external analogies. Hovever, we crmnet but consider t'he fnct
z tat vhen a aelrlb pass*@ into a state of e:..;citation durinr, C~a passage

* ' of an impulse %lo.cng a nerve, structuring and. polyimerization o':aur ,
leading to the foermation of threadik-ik ri-verzihile structures~, blonig
which migration of energy might be s,=oMp13shel. The rossibi1.ity of

A ~~ronir. trwisfer in this casotoii doublT¶2., uinae nvzarcas *x~erl-
I inien'A of var~ous authore have shown that r mqatgget tlele'. does riot
A~nf.luelce this groceso.

Vievs ara expressed that the migrattion~ of. erner~y "%,y %ectrono
playae a vital role in the process I #)I photosyn~thesis. In an analysis

,ao . 9 4S



~ *Ž .ti~ th.. Zt FUV. J' kki d 'o tesubJ.shed-
' _ tL c1e\e-3 J-rj tI ~T40,*'ft x1 twn tjv`ýhn,'tL4 -"L fi) J. Of.

4 " ~ r*,vi~iur. oivl. i' tla-s of pat.*y hfis i ua~ '4 a dea?-.:

ti-Tft`k:(_ Of Vxý~ retiý1. o -ýh coý-CI4r., n l .~bazr~
o~1!3 ic'1nnrL iý~tde -r bly Aarger -&tim thre poirt In. wi.,:h the

&~~t3 POVx'0 notcup Mf 01lr-:141, Uhtc~h zU~jv enicr%ý t.u tlhs;Ž

m.Leoulas car~not be afstribiota_ a:* tz:,.I e doark :.o1*_, !herv the 0-3m-

&J~cJ~t).Y in cm..nt 1,74t0 it, ewi a L.t~h1i of the :M~-0-
pbX.11 molec'.zi.e, in avive:;-al .:Layr~ (a~ax~tae a trmnsfkr -of i~nargy

eiice h~~igtt~ ~ '~e~ry r~chloroptyJ.1 does nnt excur, In c:on
tectiur. iwjtu tihe ~rac1 tbMt tbars exe rc fv' ccMi.uction bwAs in

hi~croph-4. At satisfaietor;,, mwdel. rvI'in~t~ ':,us I.:tY C1!ý
r migr Ltiosi frot the %b~rij~byl1 Q"ue t~o tlhcns dark xpctrtt wascre&~~~~~& ~ntebi ?m .~claht.& evetr Lef,)re the Fu. Ca

of ui~~j¶ior o'e ~'~Xe L-1I thjis 6csrne~ a pro ceia brM1dj p~l
tha rol3e of a _,on-lue -ioni bornd. An q.d~rj~n fr~m the cbh orrpy m1

ew.,lea s~en this~ br±16ge to thie c'LL.trc. the cbewic.l 'e&Q*
tio 1~~e~r~i~~he.It 4, Wt Ir,").'tU hoi 04 M ~'ne~yII&CC* plishad intbzo !ridge. 708ztibly the tr'uister of enave&" 80

c~nL'.ecid ~i v~yva~1.oout~,oth p:opoeciby exkel in 'th eX'

'j la ucc(asive trwnrsitfoi 0" the wislec'i.1le ~into a fltet~e 'nf
ex:.Itt~itbr. ir )v. wanf vehthn ~ xlenrl~rta:l nqpprr.Sch t'!

x~ ~ ~~f ricLux. A%1ts~ bernee I't? Is alled t, 0v tLR

jipja&ent9 in vio(Litsvirn, V~8.Xntet.tr 7 W. AV

ch~o~ylliiron thoag anroa at' Czl . tA;t~Y' '
19'o, trniah sstwou Kil 1t~e GriZ0! le.pcAw ~~i

i t~ q anti yodproves tol~ lif trVu zar. *,snt ± I e
coyaitplits u xscglo by 4W~ol. T h ~~L. o t~ccr.:n

coirl loil 0:'
Ohj0s1ne ( t-ld proves tv.o~ be thev 3Wft Vth0%0-Ythn'iP a~ 1ýi t

of enrarg vas U1stoverel in &st~y- of the quentitatIDI pritaIDIM o
tsm production (if mutpitious. In an rInwntigAtIOra '"-f the dependence



of _the apai~rance of muta~tions on th-ý delee of X-rayn (Riehlq FRo.pe.
V~±ofeev-Psaov61:y, 194-3)j it was est~b.4bshed t~het =mtatic01o emnr be ob-
tainod after influen~ce on even one or stveral stoms. .'alculating the
volume it which the inatdence of t..e photon shou.L.d oc~car kl, the8
iprobabi1lty of arj*amance of -A witattion cause9d by i'adiat or.), tricy
Ifottad thr~t

vhera a is the num~ber of atomn In th~e tection Of incident*;j A is the
Fnw..**sr of atome In I em3; p ir, the "effic~lenC~y%; z ý.e tLe niumber of
ionizations in 1 cm3.

flatermirsing the value of A oil tilt~ bAsis Of OXP4ý iiwut'l dat-4%
thb &uthora shoved that,* the 3M~ae1.et VOaIUri Of inC idMIACO 11*As WaMY
ti'Mer (4pr~oximately 1000 timoe) greater than the v0luV GcQUPied by
the mo3.'-claes thut react to the incidence of, the phutor:l. N"UJA4
authors attempt wo explein this effect of 1 miatiO-n of energy in thef ultstion Vrocess by diffusion of vater reAdcals, formed in the irradil
atiori (Zirlls,' Tobiaseh, 1 9535 3 ).of4nqW nbil

Sji.~king of the possibility of mi atiorio nryi gio~ c
al. systeust we must talke into consideration the fact 'that thiere are
vest differences bewveen model'expeo'imnert,0 On proteins and S.0tual
thysicochemical conditions. Investigations of the P~hY.Siochewic0l
state o1f living protein show that&% it possesses some sort of 10bi1a

Sbotds ane- otructtire that atre Wot at all reproduced by pr~tetna s 8-
10ated from tAe cells, I t is ve11 )Mnowl that'structurirg of prroO-
plasm toYA.ke place %L-der excitation arid upon trapisition to the aCtiv
state. it Is converted to a Sel, e*rd fibrilltr structures r4- de-
tected in it. This should create favorable conditions for tL* mnigra-.
tion of energy. it vas demoribed long ago that under irl-1tation and
the initial stages of necroslat protoplasmn acquires the abili ty tO
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